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When a visual cue is presented in the con-
text of a large rectangle shifted laterally
from an observer’s midline, its location
is perceived to be shifted in the opposite
direction (a phenomenon known as the
induced Roelofs effect, a variant of an illu-
sion first discovered by Roelofs, 1936).
However, movements made immediately
to the cue are accurate (Bridgeman et al.,
1997; Dassonville and Bala, 2004a). We
have shown evidence that the perceptual
effect of the illusion is brought about by a
distortion of the observer’s egocentric ref-
erence frame—the offset rectangle attracts
the observer’s subjective straight-ahead
(SSA), causing the cue to appear to be
shifted in the opposite direction. However,
if an action aimed at the cue is then guided
within this same distorted egocentric ref-
erence frame, the error of motor guidance
will cancel with the error of perceptual
encoding, allowing the movement to be
accurate (Dassonville and Bala, 2004a,b;
Dassonville et al., 2004). We have begun
to refer to this cancelation of errors, which
allows for accurate actions in spite of
the illusion, as the Two-Wrongs model,
since, according to the model, two wrongs
do make a right (Dassonville and Reed,
under review). However, in a recent explo-
ration of the induced Roelofs effect (IRE)
on allocentrically-guided movements,
Taghizadeh and Gail (2014) purport to
show evidence against the Two-Wrongs
model. A closer examination, though,
reveals flaws in their assumptions, lead-
ing us to conclude that the Two-Wrongs
model is, in fact, completely supported by
their data. Here, we critically assess each of
the three pieces of evidence used to argue
against the Two-Wrongs model.
In Experiment II of Taghizadeh and
Gail (2014), participants were first shown
a reference array of possible cue loca-
tions (positioned to the left or right of the
mid-sagittal plane), followed by a cue pre-
sented within a Roelofs-inducing rectan-
gle. Participants were required to note the
location of the cue within the previously-
presented reference array, and then point
to the same allocentric location in a sub-
sequent decision array. In certain criti-
cal trial types, the authors found errors
that were in the opposite direction of
those typically seen with the IRE. Based
on their assumption that a distortion of
the egocentric reference frame could only
cause an error in the direction opposite
that of the inducing rectangle, the authors
concluded that the illusion must not be
caused by such a distortion. However, their
assumption is patently incorrect, since
they fail to account for the initial influ-
ence of the reference array itself on the SSA.
After all, there is nothing special about the
typical Roelofs-inducing rectangle, other
than its lateralized location—any lateral-
ized stimulus would be expected to induce
a similar distortion (e.g., Wapner et al.,
1953; Walter and Dassonville, 2006; Lester
and Dassonville, 2013), although its mag-
nitude might be modulated by salience,
attention, etc. (Lester and Dassonville,
2011). In the paradigm of Taghizadeh and
Gail, when the reference array appears in
the left hemifield, its presence would cause
the SSA to be pulled to the left (Figure 1A),
and the perceived location of the array
would be encoded within this distorted
reference frame. When the large induc-
ing rectangle is later presented, it would
exert its own influence on the SSA, but,
since it is not as lateralized as the refer-
ence array, it would drag the SSA (and the
memory of the reference array) rightward
from where it had been at the time of the
reference array presentation (Figure 1B).
Accordingly, a cue presented at the center
of the reference array would be reported as
being to the left of center in the remem-
bered array, even though the absolute posi-
tion of the inducing rectangle was to the
participant’s left. Thus, an account of the
IRE based on a distorted egocentric refer-
ence frame fully predicts that the resulting
errors will depend on the relative displace-
ment of the SSA between the occurrence of
the reference array and cue/rectangle, not
the rectangle’s absolute position in space.
The authors also argue that the illu-
sion’s effect on immediate movements in
their paradigm provides evidence against
the Two-Wrongs model. However, the
model specifically predicts that accurate
movements will occur only when they
are aimed at the egocentric location of
the cue (Dassonville and Bala, 2004a;
Dassonville et al., 2004). In contrast, the
task of Taghizadeh and Gail required par-
ticipants to guide their response to the
allocentric location of the cue, and there-
fore the cancelation of errors described by
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FIGURE 1 | Distortions of the SSA in Experiment II of Taghizadeh and Gail (2014), according
to the predictions of the Two-Wrongs model of visual processing. (A) The initial step of
stimulus presentation, showing the central fixation point (small square), and a reference array
shifted to the left of the participant’s mid-sagittal plane (solid gray line). Like the offset rectangle in
the typical IRE, the offset reference array would serve to attract the participant’s SSA (dashed gray
line). (B) The subsequent appearance of the cue and Roelofs-inducing rectangle, after the reference
array has been extinguished. In spite of the inducing rectangle’s bias toward the left hemifield, its
center of gravity is not as lateralized as that of the earlier reference array. This would cause the SSA
to move rightward, pulling the memory of the reference array with it, and causing the cue to be
mislocalized toward the left end of the remembered reference array. Although the image shows the
SSA as moving directly between the distorted positions caused by the sequential presentation of
the reference array and the later Roelofs-inducing rectangle, this change in the SSA need not be
direct (for example, the SSA may drift back toward the objective midline during the delay period
between reference array and inducing rectangle presentations, only to be pulled leftward again
when the inducing rectangle is presented; see Dassonville and Bala, 2004a). Importantly, the
direction and magnitude of the IRE would depend only on the relative locations of the distorted
SSA during reference array and target presentations, regardless of its possible meanderings
between those events.
the Two-Wrongs model would not occur.
Given this, the data of Taghizadeh and
Gail do not provide evidence against the
Two-Wrongs model, but instead confirm
themodel’s prediction that accurate move-
ments will only occur in the face of the IRE
when they are aimed at the cue’s location
within an egocentric reference frame.
Finally, the authors argue against an
egocentric account of the IRE by point-
ing to their analysis that seems to suggest
that the presence or absence of a fixa-
tion point has no effect on the illusion,
claiming that a fixation point should pro-
vide an anchor that would stabilize the
reference frame and eliminate the illu-
sion. We agree that a fixation point could
have a stabilizing effect, but there is no
a priori reason to expect that it must,
especially since the illusion is modulated
by the salience of, and amount of atten-
tion directed toward, the inducing stimu-
lus (Lester and Dassonville, 2011). Thus,
it could have been anticipated that the
effects of the large, salient inducing rectan-
gle would largely overcome any stabilizing
effects of the small fixation point or dimly
lit laboratory.
Contrary to the conclusions of
Taghizadeh and Gail (2014), their results
are fully compatible with the hypothesis
that the IRE is caused by a distortion in
the observer’s egocentric reference frame.
Moreover, they provide confirmatory evi-
dence for the Two-Wrongs model and
its prediction that movements made in
the context of the illusion will be accurate
only when they are guided within the same
distorted egocentric frame that is used to
encode the cue’s location (Dassonville
and Bala, 2004a; Dassonville et al., 2004;
Dassonville and Reed, under review).
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